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(54) THIN BELT-LIKE MAGNET MATERIAL, MAGNET POWER, AND RARE- EARTH BONDED MAGNET 
(57)Abstract : 

PROBLEM TO BE SOLVED: To provide a highly reliable bonded magnet having superior 
magnetic characteristics. 

SOLUTION: A thin belt-like magnet material is composed of a quenched thin belt 8 
obtained by quenching a molten alloy 6, having a composition expressed by the 
formula Rx(Fel-yCoy)100-x-z-wBzAlw (where R, x, and y respectively represents at 
least one kind of rare-earth element, 8.1-9.4 at.%, and 0-0.30 and z and w 
respectively represents 4.6-6.8 at.% and 0.8 at.% or smaller) by bringing the molten 
alloy 6 injected from a nozzle into collision with the peripheral surface 53 of a 
cooling roller 5, while the roll 5 is rotated against the nozzle. The thin belt 8 
has a texture in which a soft magnetic phase and a hard magnetic phase exist 
adjacent to each other, and the ratio of the occupying area of dimples 85 formed at 
the time of solidification to a roll surface 81 which comes into contact with the 
roll 5 is adjusted to 25% or lower. On the roll surface 81, in addition, the ratio 
of the occupying area of dimples having areas of 2,000 |jm2 or larger to the whole 
area of the surface 81 is adjusted to 8% or smaller. 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] Rx(Fel-yCoy) 100-x-zBz. however, R — at least one sort of rare earth 
elements, and x : 8 . 1-9 . 4atom%. A molten metal of alloy composition expressed with y:0 
to 0.30 and z:4.6-6.8 atom % is ejected from a nozzle, It is the thin band-like 
magnet material produced by making it collide and carrying out cooling 
solidification to a peripheral surface of a cooling roller revolving to said nozzle, 
A thin strip magnet material, wherein an area rate which a dimple which the 
composition organization is an organization which a soft magnetic phase and a hard 
magnetic phase adjoin each other, and exists, and was formed in a contact surface 
with said cooling roller at the time of coagulation occupies is 25% or less. 
[Claim 2] Rx(Fel-yCoy) 100-x-zBz. however, R -- at least one sort of rare earth 
elements, and x : 8 . 1-9 . 4atom%. A molten metal of alloy composition expressed with y:0 
to 0.30 and z:4.6-6.8 atom % is ejected from a nozzle, It is the thin band-like 
magnet material produced by making it collide and carrying out cooling 
solidification to a peripheral surface of a cooling roller revolving to said nozzle, 
A thin strip magnet material, wherein an area rate which a dimple more than 
2000-mi crometer2 occupies [ area which the composition organization is an 
organization which a soft magnetic phase and a hard magnetic phase adjoin each 
other, and exists, and was formed in a contact surface with said cooling roller at 
the time of coagulation ] is 8% or less. 

[Claim 3] Rx(Fel-yCoy) 100-x-zBz. however, R — at least one sort of rare earth 
elements, and x : 8 . 1-9 . 4atom%. A molten metal of alloy composition expressed with y:0 
to 0.30 and z:4.6-6.8 atom % is ejected from a nozzle, It is the thin band-like 
magnet material produced by making it collide and carrying out cooling 
solidification to a peripheral surface of a cooling roller revolving to said nozzle, 
In [ the composition organization is an organization which a soft magnetic phase and 
a hard magnetic phase adjoin each other, and exists, and ] a contact surface with 
said cooling roller, a time of setting to d an average depth of a dimple formed at 
the time of coagulation, and setting average thickness of a thin band-like magnet 
material to t — these ratios — a thin strip magnet material, wherein d/t is 
0.02-0.5. 

[Claim 4] Rx(Fel-yCoy) 100-x-z-wBzal umi numw. however, R — at least one sort of rare 
earth elements, and x:8.1-9.4atom%. y:0 to 0.30, z:4.6-6.8atom%, and below w:0.8 
atom %. A molten metal of alloy composition expressed with (however, excluding 0) is 
ejected from a nozzle, It is the thin band-like magnet material produced by making 
it collide and carrying out cooling solidification to a peripheral surface of a 
cooling roller revolving to said nozzle, A thin strip magnet material, wherein an 
area rate which a dimple which the composition organization is an organization which 
a soft magnetic phase and a hard magnetic phase adjoin each other, and exists, and 
was formed in a contact surface with said cooling roller at the time of coagulation 
occupies is 25% or less. 

[Claim 5] Rx(Fel-yCoy) 100-x-z-wBzal umi numw. however, R -- at least one sort of rare 
earth elements, and x:8.1-9.4atom%. y:0 to 0.30, z:4.6-6.8atom%, and below w:0.8 
atom %. A molten metal of alloy composition expressed with (however, excluding 0) is 
ejected from a nozzle, It is the thin band-like magnet material produced by making 
it collide and carrying out cooling solidification to a peripheral surface of a 
cooling roller revolving to said nozzle, A thin strip magnet material, wherein an 
area rate which a dimple more than 2000-mi crometer2 occupies [ area which the 
composition organization is an organization which a soft magnetic phase and a hard 
magnetic phase adjoin each other, and exists, and was formed in a contact surface 
with said cooling roller at the time of coagulation ] is 8% or less. 
[Claim 6] Rx(Fel-yCoy) 100-x-z-wBzal umi numw. however, R — at least one sort of rare 
earth elements, and x:8.1-9.4atom%. y:0 to 0.30, z:4.6-6.8atom%, and below w:0.8 
atom %. A molten metal of alloy composition expressed with (however, excluding 0) is 
ejected from a nozzle, It is the thin band-like magnet material produced by making 
it collide and carrying out cooling solidification to a peripheral surface of a 
cooling roller revolving to said nozzle, In [ the composition organization is an 
organization which a soft magnetic phase and a hard magnetic phase adjoin each 
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other, and exists, and ] a contact surface with said cooling roller, a time of 
setting to d an average depth of a dimple formed at the time of coagulation, and 
setting average thickness of a thin band-like magnet material to t -- these ratios 
-- a thin strip magnet material, wherein d/t is 0.02-0.5. 

[Claim 7]The thin strip magnet material according to any one of claims 1 to 6 which 
is a nano composite organization where a soft magnetic phase and a hard magnetic 
phase adjoin each other, and said composition organization exists. 
[Claim 8]The thin strip magnet material according to any one of claims 1 to 7 which 
is a rare earth element with which said R is mainly concerned with Nd and/or Pr. 
[Claim 9]The thin strip magnet material according to any one of claims 1 to 8 in 
which the percentage of said R is 5 to 75% to said whole R including Pr. 
[Claim 10]The thin strip magnet material according to any one of claims 1 to 9 in 
which the percentage of said R is 10% or less to said whole R including Dy. 
[Claim ll]The thin strip magnet material according to any one of claims 1 to 10 in 
which said cooling roller has a surface layer with lower thermal conductivity in the 
peripheral surface. 

[Claim 12]Magnet powder produced by grinding the thin strip magnet material 
according to any one of claims 1 to 11. 

[Claim 13]The magnet powder according to claim 12 in which heat treatment is 
performed once [ at least ] the manufacturing process or after manufacture to magnet 
powder. 

[Claim 14]The magnet powder according to claim 12 or 13 whose mean particle diameter 
is 0.5-150 micrometers. 

[Claim 15]A rare earth bonded magnet which combines the magnet powder according to 
any one of claims 12 to 14 with bonding resin, and is characterized by things. 
[Claim 16]The rare earth bonded magnet according to claim 15 whose content of said 
magnet powder is 75 - 99.5wt%. 

"Claim 17]The rare earth bonded magnet according to claim 15 or 16 whose coercive 
= orce iHc is 0.4 - 0.75 MA/m. 

^Claim 18]A magnetic energy product (BH) The rare earth bonded magnet according to 
any one of claims 15 to 17 whose max is more than 60 kJ/m3. 

[Claim 19]The rare earth bonded magnet according to any one of claims 15 to 18 with 
which multi-electrode magnetization is presented or by which mul ti -el ectrode 
magnetization was carried out. 

[Claim 20]The rare earth bonded magnet according to any one of claims 15 to 19 used 
for a motor. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

Detailed Description of the invention] 
0001] 

_Field of the lnvention]Thi s invention relates to a thin strip magnet material, 

magnet powder, and a rare earth bonded magnet. 

[0002] 

[Description of the Prior Art]The bond magnet which combines magnet powder with 
bonding resin has the advantage that the flexibility of shape is large, and is used 
for a motor or various actuators. 

[0003]The rare earth permanent magnet containing a rare earth element is used as 
what has high magnetic performance as a magnet material which constitutes such a 
bond magnet. This rare earth magnet material is manufactured by the quenching method 
which used the quenching thin band manufacturing installation, for example. 
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[0004]That is, by heating and fusing the magnet material of predetermined alloy 
composition, ejecting the molten metal from a nozzle, making it collide with the 
peripheral surface of a cooling roller revolving to a nozzle, and making this 
peripheral surface contact, it quenches and solidifies and forms continuously, thin 
band-like (ribbon base) a magnet material, i.e., a quenching thin band. And this 
quenching thin band is ground, it is considered as magnet powder, and a bond magnet 
is manufactured from this magnet powder. 
[0005] 

[Problem(s) to be Solved by the lnvention]ln the conventional magnet material 
manufactured by the quenching method mentioned above, there is a problem that 
magnetic properties sufficient by a certain cause are not acquired. As the cause, it 
is possible with a relation with manufacturing conditions that alloy composition is 
unsuitable, that the revolving speed of a cooling roller is unsuitable (refer to 
ZIP, 59-52528, A) , etc., for example. 

[0006]when magnet powder is mixed with bonding resin and a bond magnet is 
fabricated, there is also a problem that the corrosion resistance of a bond magnet 
and a mechanical strength inferior [ with bonding resin ] and obtained as a result 
are low, and reliability is inferior. 

[0007]Therefore , the purpose of this invention is excellent in magnetic properties, 
and there is in providing the thin strip magnet material, the magnet powder, and the 
rare earth bonded magnet which can provide the magnet which has good reliability. 
[0008] 

[Means for Solving the Problem]Such a purpose is attained by this invention of 
following the (1) - (20) . 

[0009] (1) Rx(Fel-yCoy) 100-x-zBz. however, R — at least one sort of rare earth 
elements, and x : 8 . 1-9 . 4atom%. A molten metal of alloy composition expressed with y:0 
to 0.30 and z:4.6-6.8 atom % is ejected from a nozzle, It is the thin band-like 
magnet material produced by making it collide and carrying out cooling 
solidification to a peripheral surface of a cooling roller revolving to said nozzle, 
A thin strip magnet material, wherein an area rate which a dimple which the 
composition organization is an organization which a soft magnetic phase and a hard 
magnetic phase adjoin each other, and exists, and was formed in a contact surface 
with said cooling roller at the time of coagulation occupies is 25% or less. 
[0010] (2) Rx(Fel-yCoy) 100-x-zBz. however, R -- at least one sort of rare earth 
elements, and x : 8 . 1-9 . 4atom%. A molten metal of alloy composition expressed with y:0 
to 0.30 and z:4.6-6.8 atom % is ejected from a nozzle, It is the thin band-like 
magnet material produced by making it collide and carrying out cooling 
solidification to a peripheral surface of a cooling roller revolving to said nozzle, 
A thin strip magnet material, wherein an area rate which a dimple more than 
2000-mi crometer2 occupies [ area which the composition organization is an 
organization which a soft magnetic phase and a hard magnetic phase adjoin each 
other, and exists, and was formed in a contact surface with said cooling roller at 
the time of coagulation ] is 8% or less. 

[0011] (3) Rx(Fel-yCoy) 100-x-zBz. however, R — at least one sort of rare earth 
elements, and x : 8 . 1-9 . 4atom%. A molten metal of alloy composition expressed with y:0 
to 0.30 and z:4.6-6.8 atom % is ejected from a nozzle, It is the thin band-like 
magnet material produced by making it collide and carrying out cooling 
solidification to a peripheral surface of a cooling roller revolving to said nozzle, 
In [ the composition organization is an organization which a soft magnetic phase and 
a hard magnetic phase adjoin each other, and exists, and ] a contact surface with 
said cooling roller, a time of setting to d an average depth of a dimple formed at 
the time of coagulation, and setting average thickness of a thin band-like magnet 
material to t — these ratios — a thin strip magnet material, wherein d/t is 
0.02-0.5. 

[0012] (4) Rx(Fel-yCoy) 100-x-z-wBzal umi numw. however, R — at least one sort of rare 
earth elements, and x:8.1-9.4atom%. y:0 to 0.30, z:4.6-6.8atom%, and below w:0.8 
atom %. A molten metal of alloy composition expressed with (however, excluding 0) is 
ejected from a nozzle, It is the thin band-like magnet material produced by making 
it collide and carrying out cooling solidification to a peripheral surface of a 
cooling roller revolving to said nozzle, A thin strip magnet material, wherein an 
area rate which a dimple which the composition organization is an organization which 
a soft magnetic phase and a hard magnetic phase adjoin each other, and exists, and 
was formed in a contact surface with said cooling roller at the time of coagulation 
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occupies is 25% or less. 

[0013] (5) Rx(Fel-yCoy) 100-x-z-wBzal umi numw. however, R -- at least one sort of rare 
earth elements, and x:8.1-9.4atom%. y:0 to 0.30, z:4.6-6.8atom%, and below w:0.8 
atom %. A molten metal of alloy composition expressed with (however, excluding 0) is 
ejected from a nozzle, It is the thin band-like magnet material produced by making 
it collide and carrying out cooling solidification to a peripheral surface of a 
cooling roller revolving to said nozzle, A thin strip magnet material, wherein an 
area rate which a dimple more than 2000-mi crometer2 occupies [ area which the 
composition organization is an organization which a soft magnetic phase and a hard 
magnetic phase adjoin each other, and exists, and was formed in a contact surface 
with said cooling roller at the time of coagulation ] is 8% or less. 
[0014] (6) Rx(Fel-yCoy) 100-x-z-wBzal umi numw. however, R -- at least one sort of rare 
earth elements, and x:8.1-9.4atom%. y:0 to 0.30, z:4.6-6.8atom%, and below w:0.8 
atom %. A molten metal of alloy composition expressed with (however, excluding 0) is 
ejected from a nozzle, It is the thin band-like magnet material produced by making 
it collide and carrying out cooling solidification to a peripheral surface of a 
cooling roller revolving to said nozzle, in [ the composition organization is an 
organization which a soft magnetic phase and a hard magnetic phase adjoin each 
other, and exists, and ] a contact surface with said cooling roller, a time of 
setting to d an average depth of a dimple formed at the time of coagulation, and 
setting average thickness of a thin band-like magnet material to t -- these ratios 
-- a thin strip magnet material, wherein d/t is 0.02-0.5. 

[0015] (7) A thin strip magnet material the above (1) which is a nano composite 
organization which a soft magnetic phase and a hard magnetic phase adjoin each other 
in said composition organization, and exists thru/or given in either of (6). 
[0016] (8) A thin strip magnet material the above (1) which is a rare earth element 
with which said R is mainly concerned with Nd and/or Pr thru/or given in either of 

[0017] (9) The above (1) in which the percentage of said R is 5 to 75% to said whole 
R including Pr thru/or a thin strip magnet material given in either of (8). 
[0018] (10) The above (1) in which the percentage of said R is 10% or less to said 
whole R including Dy thru/or a thin strip magnet material given in either of (9). 
[0019] (11) A thin strip magnet material the above (1) for which said cooling roller 
has a surface layer with lower thermal conductivity in the peripheral surface 
thru/or given in either of (10). 

[0020] (12) Magnet powder produced by grinding a thin strip magnet material of a 
statement by the above (1) thru/or either of (11). 

[0021] (13) Magnet powder given in the above (12) to which heat treatment is 
performed once [ at least ] the manufacturing process or after manufacture to magnet 
powder. 

[0022] (14) Magnet powder the above (12) whose mean particle diameter is 0.5-150 
micrometers, or given in (13). 

[0023] (15) A rare earth bonded magnet which combines magnet powder of a statement 
with the above (12) thru/or either of (14) with bonding resin, and is characterized 
by things. 

[0024] (16) A rare earth bonded magnet given in the above (15) whose content of said 
magnet powder is 75 - 99.5wt%. 

[0025] (17) A rare earth bonded magnet the above (15) whose coercive force iHc is 0.4 
- 0.75 MA/m, or given in (16). 

[0026] (18) Magnetic energy product (BH) Rare earth bonded magnet the above (15) 
whose max is more than 60 kj/m3 thru/or given in either of (17). 
[0027] (19) A rare earth bonded magnet the above (15) with which mul ti -el ectrode 
magnetization is presented or by which mul ti -el ectrode magnetization was carried out 
thru/or given in either of (18). 

[0028] (20) A rare earth bonded magnet the above (15) used for a motor thru/or given 

in either of (19) . 

[0029] 

[Embodiment of the lnvention]Hereafter , the embodiment of the thin strip magnet 
material of this invention, magnet powder, and the rare earth bonded magnet using 
this is described in detail. 

[0030] [Alloy composition] The thin strip magnet material and magnet powder of this 
invention consist of the 1st following alloy composition or 2nd alloy composition. 
[0031]- 1st alloy composition Rx(Fel-yCoy) 100-x-zBz (however -- R -- at least one 
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sort of rare earth elements, x:8.1-9.4atom%, y:0 to 0.30, and z : 4 . 6-6 . 8atom%) 
- 2nd alloy composition Rx(Fel-yCoy) 100-x-z-wBzal umi numw. (however -- R -- at least 
one sort of rare earth elements, x:8.1-9.4atom%, y:0 to 0.30, z : 4 . 6-6 . 8atom%, and 
below w:0.8 atom % (however, except for 0)) 

as R (rare earth element), Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu, and a misch metal are mentioned — these — one sort — or two or more sorts 
can be included. 

[0032]Content (content) of R is made into 8.1-9.4 atom %. Even if coercive force 
sufficient by less than 8.1 atom % is not acquired but R adds aluminum in the 2nd 
alloy composition especially, there is little improvement in coercive force. On the 
other hand, since the potential of magnetization will fall if R exceeds 9.4 atom %, 
sufficient magnetic flux density is no longer obtained. 

[0033]Here, as for R, it is preferred that it is a rare earth element which is 
mainly concerned with Nd and/or Pr. This is because these rare earth elements are 
effective in order to raise the saturation magnetization of the hard magnetic phase 
which constitutes a nano composite organization and to realize coercive force good 
as a magnet. 

[0034]As for R, it is preferred that the percentage is 5 to 75% to the whole R 
including Pr, and it is more preferred that it is 20 to 60%. It is because the 
square shape nature in coercive force and a B-H loop can be raised, without 
producing most falls of a residual magnetic flux density as it is this range. 
[0035]As for R, it is preferred that the percentage is 10% or less to the whole R 
including Dy. Coercive force can be raised, without producing the remarkable fall of 
a residual magnetic flux density as it is this range, and it is because improvement 
in temperature characteristics is also attained. 

[0036]Co is a transition metal which has the same characteristic as Fe. Although 
Curie temperature becomes high and temperature characteristics improve by adding 
this Co (replace a part of Fe) , when the substitution ratio of Co to Fe exceeds 
0.30, both coercive force and magnetic flux density show the tendency to fall. Since 
not only the improvement in temperature characteristics but the magnetic flux 
density itself improves in 0.05-0.20, the substitution ratio of Co to Fe is still 
more preferred. 

[0037]B (boron) is an element important for acquiring high magnetic properties, and 
the content is made into 4.6-6.8 atom %. Square shape nature [ in / that B is less 
than 4.6% / a B-H loop ] worsens. On the other hand, if B exceeds 6.8%, a 
nonmagnetic phase will increase and magnetic flux density will decrease. 
[0038]al uminum is an element advantageous to the improvement in coercive force, and 
content in the range below 0.8 atom % is permitted, in particular, the effect of the 
improvement in coercive force shows up notably in the range of 0.02-0.8 atom %. in 
this range, it follows in footsteps of improvement in coercive force, and square 
shape nature and a magnetic energy product also improve. Content of aluminum 
contributes also to heat-resistant and corrosion-resistant improvement. However, as 
mentioned above, such an effect by aluminum addition has R small at less than 8.1 
atom %. The fall of magnetization will become remarkable if aluminum exceeds 0.8 
atom %. 

[0039]Thus, in this invention, the feature is found out for aluminum to carry out [ 
a minute amount or ] ultralow volume content, it is an opposite effect rather to add 
the quantity exceeding 0.8 atom %, and this invention is not just going to mean. 
[0040]ln order to raise magnetic properties, in the alloy which constitutes a magnet 
material, other elements, such as Cu, Ga, Si, Ti , V, Ta, Zr, Nb, Mo, Hf, Ag, zn, P, 
and germanium, can also be contained if needed. 

[0041] [Nano composite organization] The magnet powder produced by grinding the thin 
strip magnet material of this invention and this constitutes the organization 
(especially nano composite organization) where a hard magnetic phase and a soft 
magnetic phase adjoin each other and exist with a minute space. 
[0042]The nano composite organization exists by the pattern (model) as the soft 
magnetic phase 10 and the hard magnetic phase 11 show to drawing 1, drawing 2, or 
drawing 3, for example, and the thickness and the particle diameter of each phase 
exist on the nano meter level (for example, 1-100 nm) . And the soft magnetic phase 
10 and the hard magnetic phase 11 adjoin each other, and a magnetic exchange 
interaction is produced. The pattern shown in drawing 1 - drawing 3 is an example, 
it is not restricted to these and the soft magnetic phase 10 and the hard magnetic 
phase 11 may be reverse in the pattern shown, for example in drawing 2. 
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[0043]since magnetization of a soft magnetic phase changes the direction easily by 
operation of an external magnetic field, if it is intermingled in a hard magnetic 
phase -- a system -- the whole magnetization curve turns into a "snake die-bending 
line" which has a stage with the second quadrant of a B-H figure, however -- when 
the size of a soft magnetic phase is as small as several 10 nm or less enough, 
magnetization of a soft magnetic body is restrained strongly enough by combination 
with magnetization of the surrounding hard magnetic body — a system — the whole 
comes to act as a hard magnetic body. 

;0044]The magnet with such a nano composite organization mainly has the next 
: eatures 1-6. 

^0045]1) with the second quadrant of a B-H figure, magnetization carries out 
springback reversibly (it is also called a "spring magnet" in this meaning). 
[0046]2) Even if recoil permeability is high and once adds a reverse magnetic field, 
a subsequent demagnetizing factor is small. 

[0047]3) Magnetization nature is good and can magnetize in a comparatively low 
magnetic field. 

[0048]4) Compared with the case (for example, MQP-B powder made from the 
conventional MQI) where the temperature dependence of magnetic properties is hard 
magnetic phase independent, it is small. 
i0049]5) Aging of magnetic properties is small. 

;0050]6) Even if it pulverizes, magnetic properties do not deteriorate. 
;0051]ln the alloy composition mentioned above, a hard magnetic phase and a soft 
magnetic phase serve as the following, for example. 

[0052] Hard magnetic phase : An R2TM14B system (however, TM Fe, or Fe and Co), Or an 
R2TM14BA1 system soft magnetic phase : TM (especially alpha-Fe, alpha- (Fe, Co)), Or 
the thin strip magnet material (called a quenching thin band or a ribbon) of alloy 
[manufacture of thin strip magnet material] this invention of TM and aluminum is 
manufactured by quenching a melting alloy and solidifying. Hereafter, an example of 
the method is explained. 

[0053]The perspective view showing the example of composition of the device 
(quenching thin band manufacturing installation) which manufactures a thin strip 
magnet material with the quenching method with which the single roll was used for 
drawing 4, and drawing 5 are the section side views showing the state near the 
collision part to the cooling roller of the molten metal in the device shown in 
drawing 4. 

[0054]As shown in drawing 4, the quenching thin band manufacturing installation 1 is 
provided with the following. 

The barrel 2 which can store a magnet material. 

The cooling roller 5 which rotates in the direction of figure Nakaya seal 9a to this 
barrel 2. 

The nozzle (orifice) 3 which ejects the molten metal of a magnet material (alloy) is 
formed in the lower end of the barrel 2. 

[0055]As a component of the barrel 2, heat-resistant ceramics, such as quartz, 
alumina, magnesia, are mentioned, for example. 

[0056]As aperture shape of the nozzle 3, circular, an ellipse form, slit shape, etc. 
are mentioned, for example. 

[0057]On an about three nozzle [ of the barrel 2 ] periphery, the coil 4 for heating 
is arranged, the inside of the barrel 2 is heated by impressing high frequency to 
this coil 4 (induction heating), and the magnet material in the barrel 2 is made 
into a molten state. 

[0058]A carbon heater can also be used for a heating method in addition to such a 
coil 4, for example. 

[0059]The cooling roller 5 comprises the base 51 and the surface layer 52 which 
forms the peripheral surface 53 of the cooling roller 5. 

[0060]The component of the base 51 may comprise construction material which may 
really comprise same construction material as the surface layer 52, and is different 
in the surface layer 52. 

[0061] Al though the component in particular of the base 51 is not limited, it is 
preferred to comprise a metallic material with high thermal conductivity like copper 
or a copper system alloy so that the heat of the surface layer 52 can be radiated 
more quickly. 

[0062]The surface layer 52 has thermal conductivity equivalent to the base 51, or it 
is preferred to comprise a material lower than the base 51- 
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[0063]As a concrete material of the surface layer 52, for example Copper or a copper 
system alloy, an iron system alloy, Various ceramics (nonmetal material) containing 
chromium, molybdenum, or these, such as an alloy, oxide stock (for example, alumina, 
silicon oxide, titanium oxide), a nitride system (for example, nitriding aluminum, 
titanium nitride, boron nitride), and a carbide system (for example, graphite, SC, 
WC) , are mentioned. The enveloping layer by various metal plating and the various 
aforementioned ceramics (nonmetal material), such as hard chromium plating, can also 
be formed in the peripheral surface 53 of the cooling roller 5. Thereby, heat 
transfer nature is improved, and the difference of the cooling rate in the roll side 
81 and the free side 82 of the quenching thin band 8 becomes smaller, and 
contributes to the further improvement in magnetic properties. 
[0064]The surface roughness of the peripheral surface 53 is connected with the 
wettability to the molten metal 6. the quenching thin band 8 with which 
arithmetical-mean-deviation-of-profile Ra (unit: micrometer) of the peripheral 
surface 53 is obtained — average thickness — it is preferred to use 1/3 or less [ 
of t ] , and it is more preferred to use 1/5 or less. In such a range, it is because 
the optimal wettability to the molten metal 6 of the alloy composition mentioned 
above is secured. 

[0065]ln order to obtain such surface roughness, in advance of manufacture of the 
quenching thin band 8, it can grind to the peripheral surface 53 and smooth 
finishing can also be carried out. 

[0066]Such a quenching thin band manufacturing installation 1 is installed in a 
chamber (not shown), and operates in the state where it filled up with inactive gas 
or other controlled atmospheres preferably in this chamber. As for a controlled 
atmosphere, in order to prevent oxidation of the quenching thin band 8 especially, 
it is preferred that it is inactive gas, such as argon gas, gaseous helium, and 
nitrogen gas, for example. 

[0067]The predetermined pressure higher than the internal pressure of a chamber is 
put on the oil level of the molten metal 6 in the barrel 2. The differential 
pressure of the pressure which acts on the oil level of the molten metal 6 in this 
barrel 2, and the pressure of the controlled atmosphere in a chamber spouts the 
molten metal 6 from the nozzle 3. 

[0068]lf the magnet material of the alloy composition mentioned above in the barrel 
2 is paid in the quenching thin band manufacturing installation 1, and it heats with 
the coil 4, it fuses and the molten metal 6 is ejected from the nozzle 3 
(regurgitation), as shown in drawing 5, After the molten metal's 6 colliding with 
the peripheral surface 53 of the cooling roller 5 and forming the paddle (cold slug 
well) 7, it is cooled quickly, and solidifies, being dragged by the peripheral 
surface 53 of the rotating cooling roller 5, and the quenching thin band 8 is formed 
continuously or intermittently. Thus, soon, the roll side (field in contact with the 
peripheral surface 53) 81 separates from the peripheral surface 53, and the formed 
quenching thin band 8 runs in the direction of arrow 9B in drawing 4. A dotted line 
shows the solidification interface 71 of a molten metal among drawing 5. 
[0069] Al though the peripheral velocity of the cooling roller 5 differs in the 
suitable range by the wettability to the presentation of a molten metal, and the 
molten metal 6 of the peripheral surface 53, etc., it is usually preferred that it 
is 1-60 m/second because of the improvement in magnetic properties, and it is more 
preferred that it is 5-40 m/second. when the peripheral velocity of the cooling 
roller 5 is too slow, depending on the volumetric flow rate (volume of the molten 
metal breathed out per unit time) of the quenching thin band 8. Thickness t of the 
quenching thin band 8 becomes thick, and the tendency for a crystal grain diameter 
to increase is shown, and even if it adds heat treatment after that in any case, it 
becomes impossible for most to serve as an amorphous organization, and to desire 
improvement in magnetic properties, if the peripheral velocity of the cooling roller 
5 is too quick conversely. 

[0070]To the obtained quenching thin band 8, it can also heat-treat, for example for 
promotion of the recrystallization of an amorphous organization, and uniformity of 
an organization. As conditions for this heat treatment, it is 400-900 ** and is 
about 0.5 to 300 minutes, for example. 

[0071]As for this heat treatment, in order to prevent oxidation, it is preferred to 
carry out in a non-oxidizing atmosphere like [ under a vacuum or a reduced pressure 
state (for example, 1x10 -1 - 1x10 -6Torr) or in inactive gas, such as nitrogen gas, 
argon gas, and gaseous helium, ]. 
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[0072]The quenching thin band (thin strip magnet material) 8 produced by making it 
above serves as fine crystal structure or the organization that a fine crystal is 
contained in amorphous structure, and outstanding magnetic properties are acquired. 
[0073]Above, although the single rolling method was explained to the example as a 
quenching method, the congruence rolling method may be adopted. Since such a 
quenching method can carry out minuteness making of the metal texture (crystal 
grain), it is effective in raising the magnetic characteristics of a bond magnet, 
especially coercive force, etc. 

[0074] [Dimple of the roll side of a quenching thin band] In the quenching thin band 
8 manufactured with a quenching method which was mentioned above, if the roll side 
81 of the quenching thin band 8 is observed with a scanning electron microscope 
(SEM) etc., the portion (in this specification, it is called a "dimple") cratered in 
the shape of a dimple in some places will be observed, this dimple — size — some 
are various. 

[0075]lt is thought that a controlled atmosphere enters between the peripheral 
surface 53 and the paddle 7, and it is because a trap is carried out when the cause 
which such a dimple 85 produces injects and carries out the rapid solidification of 
the molten metal 6 to the peripheral surface 53 of the cooling roller 5. It is 
thought that the contamination of such a controlled atmosphere is produced by the 
viscous flow 100 of the about 53-peri pheral surface controlled atmosphere emitted 
mainly with rotation of the cooling roller 5 (refer to drawing 5). 
[0076]lf the quenching thin band 8 is fractured and the fracture surface is observed 
by SEM, to the crystal grain diameter of the usual portion being several 10 nm 
order, the main phase crystal grain diameter of the portion which adjoined the 
dimple 85 will be comparatively large, and existence of the big and rough crystal 
grain of a 1-micrometer order will be checked by a place. The tendency of 
big-and-rough-izing of a crystal grain is seen for the portion which adjoined the 
dimple with a large area especially. This suggests the following. 
[0077]As mentioned above, it is thought that the dimple 85 is produced when a 
controlled atmosphere invades between the peripheral surface 53 and the paddle 7, 
but with the air bubbles of such a controlled atmosphere, heat transfer of the roll 
side 81 and the peripheral surface 53 is barred, and quenching is checked 
selectively. Therefore, a crystal grain makes the organization of the dimple 85 
neighborhood big and rough. It becomes remarkable, so that the dimple 85 is large. 
Big and rough-ization of the crystal grain found out maintaining high magnetic 
properties in this invention by lessening the dimple 85 leading to 
big-and-rough-izing of a crystal grain as much as possible in order to reduce 
magnetic properties. Hereafter, it explains in full detail further. 
[0078]Area of the photograph which observed the roll side 81 of the quenching thin 
band 8 by SEM to this dimple 85 (area when the dimple 85 is projected on the 
two-dimensional flat surface which makes the depth direction of the dimple 85 a 
normal.) Hereafter, when you call it the area of a dimple, suppose that it is the 
same. The sum total measured the area rate occupied to the area of the roll side 81 
whole by image processing, in the example of this invention shown below, the area 
rate was first computed by having recognized the dimple 85 using the difference of 
the contrast of an image, and having converted the area into the pixel number about 
ten or more observation photographs taken by SEM for about several 10-time 
magnification. And by averaging the area rate about each obtained photograph, it was 
considered as the value of the area rate of the quenching thin band 8. 
[0079]Thus, correlation of the area rate of the dimple 85 obtained and the magnetic 
properties of a quenching thin band was investigated in detail, as a result -- in 
the quenching thin band with which the area rate of the dimple 85 exceeds 25% -- 
both coercive force square shape nature and a residual magnetic flux density — 
although — it becomes low. Therefore, even if it has the alloy composition and the 
organization (nano composite organization) which can acquire high magnetic 
properties which were mentioned above, the feature cannot fully be employed 
efficiently. And as for the magnetic properties of the bond magnet manufactured from 
the magnet powder manufactured from it, and this magnet powder, it will be reflected 
if a quenching thin band has such the characteristic. Therefore, in this invention, 
the area rate which the dimple 85 (the following huge dimple is also included) 
occupies is made into 25% or less in the roll side 81. 

[0080]Al though the area rate which the dimple 85 occupies is so good that it is low, 
when this area rate is less than 3%, adhesion with the peripheral surface 53 of the 
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quenching thin band 8 may become high, the detachabi 1 i ty from the peripheral surface 
53 may fall, and the yield (yield) of the quenching thin band 8 may fall. Therefore, 
as for the area rate which the dimple 85 occupies, it is more preferred to consider 
it as about 3 to 25%, and it is still more preferred to consider it as about 3 to 
20%. 

[0081]when its attention is paid to the area of each of the dimples 85 which exist 
in the roll side 81, it is preferred that the area rate which the big dimple (it is 
called the following "huge dimple") in which area exceeds 2000-mi crometer2 occupies 
is 8% or less, and it is more preferred that it is 5% or less. 

[0082]lf many huge dimples exist, the magnetic properties of quenching thin band 8 
the very thing not only fall, but it will have an adverse effect on the reliability 
at the time of considering it as a bond magnet. That is, a mechanical strength when 
it is considered as a bond magnet, and corrosion resistance fall. The magnet powder 
in which this was obtained from the portion near the huge dimple is inferior in 
adhesion (wettability) with bonding resin, and the bond magnet which therefore 
contains such magnet powder is considered for the associative strength of magnet 
powder to decline as the whole bond magnet. 

[0083]The depth of the dimple 85 also found out affecting the magnetic properties of 
the quenching thin band 8 greatly, the time of setting the average depth of the 
dimple 85 (a huge dimple is also included) to d, and setting average thickness of 
the quenching thin band 8 to t in this invention, -- these ratios -- it is preferred 
that d/t is 0.02-0.5, and it is more preferred that it is 0.05-0.4. 
[0084]The depth of the dimple 85 can be measured, for example using a laser 
displacement gage, a micrometer, an electrostatic capacitance displacement meter, 
etc. Using the laser displacement gage, to the quenching thin band of one lot, the 
difference of the edge of each dimple and the distance of the deepest place was made 
into the depth, the average value was taken, and it was referred to as average depth 
d about the 20 or more independent dimples 85 in the example of this invention shown 
below. Average thickness t of the quenching thin band computed volume from the 
density measured by the weight and the Archimedes method of the quenching thin band, 
and computed it by **(ing) this by the width w (average value of the value measured 
ten or more points with the microscope etc.) and length of a quenching thin band. 
[0085]lf d/t exceeds 0.5, when the tendency for the magnetic properties of a 
quenching thin band to fall will be shown and the area rate of the dimple 85 and the 
area rate of a huge dimple will exceed the aforementioned upper limit especially, 
the fall of the magnetic properties of a quenching thin band becomes remarkable. It 
is difficult for the bond magnet manufactured from this quenching thin band to 
reduce a void content, and since densification becomes difficult, it cannot expect 
improvement in the magnetic properties by it. Since adhesion (wettability) with 
bonding resin falls, when the area rate of the dimple 85 and the area rate of a huge 
dimple are comparatively large, the mechanical strength of a bond magnet and 
corrosion resistance fall [ the magnet powder obtained from the dimple portion with 
the deep depth ] . 

[0086]when d/t is less than 0.02, and the area rate of said dimple 85 is 
comparatively small (especially less than 3%), adhesion with the peripheral surface 
53 of the quenching thin band 8 may become high, the detachabi 1 i ty from the 
peripheral surface 53 may fall, and the yield (yield) of the quenching thin band 8 
may f al 1 . 

[0087]The manufacturing conditions for acquiring the roll side 81 of the conditions 
about the above dimples are explained below. 

[0088]As mentioned above, the main causes by which the dimple 85 is formed can 
consider the contamination of the controlled atmosphere of a between [ the 
peripheral surface 53 and the roll sides 81 ] . It is thought that the contamination 
of this controlled atmosphere is produced by the viscous flow 100 of the about 
53-peri pheral surface controlled atmosphere emitted mainly with rotation of the 
cooling roller 5. 

[0089]As one factor which controls this viscous flow 100, making the pressure of the 
controlled atmosphere in a chamber as low as possible is mentioned. However, if the 
pressure of a controlled atmosphere is lowered too much, the various restrictions on 
a device will arise and the rise of the cost of a device will be caused. 
[0090]As other factors which control formation of the dimple 85, adjusting suitably 
the revolving speed of a cooling roller, the effective area product (area of an 
orifice) of the nozzle 3, the temperature (viscosity) of a molten metal, the amount 
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of flush of a molten metal, the presentation of a controlled atmosphere, the 
temperature of a controlled atmosphere, etc. is mentioned. There is also the method 
of controlling generating of the viscous flow 100 of a controlled atmosphere by the 
shape of a cooling roller, the shape of peripheral equipment, arrangement, etc. 
[0091]For example, the method written in the specification of Japanese Patent 
Application No. No. 135801 [ ten to ], Japanese Patent Application No. No. 82262 [ 
ten to ], Japanese Patent Application No. No. 242353 [ ten to ], and Japanese Patent 
Application No. No. 217761 [ ten to ] is effective in controlling formation of the 
dimple 85. 

[0092] [Manufacture of magnet powder] The magnet powder of this invention is obtained 
by grinding the quenching thin band 8 manufactured as mentioned above. 
[0093]The method in particular of grinding is not limited, for example, can be 
performed using various grinding apparatus, such as a ball mill, a vibration mill, a 
jet mill, and a pin mill, and shredding equipment, in this case, grinding can also 
be performed in a non-oxidizing atmosphere like [ under a vacuum or a reduced 
pressure state (for example, 1x10 -1 - 1x10 -6Torr) or in inactive gas, such as 
nitrogen gas, argon gas and gaseous helium, ], in order to prevent oxidation. 
[0094] in the case of the thing for manufacturing the rare earth bonded magnet 
mentioned later, although not limited, especially the mean particle diameter of 
magnet powder Antioxidizing of magnet powder, in consideration of prevention of 
magnetic-properties degradation by grinding, about 0.5-150 micrometers is preferred, 
about 0.5-80 micrometers is more preferred, and about 1-50 micrometers is still more 
preferred . 

[0095]ln order to obtain the better moldability at the time of shaping of a rare 
earth bonded magnet, the particle size distribution of magnet powder has that 
preferred which is distributed to some extent (there is variation), when the void 
content of the obtained rare earth bonded magnet can be reduced by this and content 
of the magnet powder in a bond magnet is made the same as a result, the density and 
the mechanical strength of a rare earth bonded magnet can be raised more, and 
magnetic properties can be improved further. 

[0096]To the obtained magnet powder, it can also heat-treat for the purpose of 
removal of the influence of the strain introduced by grinding, and control of a 
crystal grain diameter, for example. As conditions for this heat treatment, it is 
350-850 ** and is about 0.5 to 300 minutes, for example. 

[0097]As for this heat treatment, in order to prevent oxidation, it is preferred to 
carry out in a non-oxidizing atmosphere like [ under a vacuum or a reduced pressure 
state (for example, 1x10 -1 - 1x10 -6Torr) or in inactive gas, such as nitrogen gas, 
argon gas, and gaseous helium, ]. 

[0098]when a rare earth bonded magnet is manufactured using the above magnet powder, 
such magnet powder has good unity (wettability of bonding resin) with bonding resin, 
therefore this bond magnet has a high mechanical strength, and it becomes the thing 
excellent in thermal stability (heat resistance) and corrosion resistance. 
Therefore, the magnet powder concerned fits manufacture of the bond magnet, and the 
manufactured bond magnet becomes what has high reliability. 

[0099] [A bond magnet and its manufacture] Next, the rare earth bonded magnet (only 
henceforth a "bond magnet") of this invention is explained. 

[0100]The bond magnet of this invention combines the above-mentioned magnet powder 
with bonding resin. 

[0101]As bonding resin (binder), any of thermoplastics and thermosetting resin may 
be sufficient. 

[0102]As thermoplastics, for example Polyamide (example: nylon 6, Nylon 46, Nylon 
66, Nylon 610, Nylon 612, Nylon 11, Nylon 12, nylon 6-12, nylon 6-66), Liquid 
crystal polymers, such as thermoplastic polyimide and aromatic polyester, 
polyphenylene oxide, Polyol ef i nes , such as a polyphenylene sulfide, polyethylene, 
polypropylene, and an ethyl ene-vi nyl acetate copolymer, Denaturation polyolefine, 
polycarbonate, polymethylmethacrylate, Polyester, such as polyethylene terephthal ate 
and polybutylene terephthal ate , A copolymer, a blended body, a polymer alloy, etc. 
which are mainly concerned with these are mentioned, and polyether, a polyether 
ether ketone, polyether imide, polyacetal, etc. can mix and use 1 of sorts of these, 
and two sorts or more. 

[0103]Also among these, especially the moldability is excellent, and since the 
mechanical strength is high, that which is mainly concerned with a liquid crystal 
polymer and a polyphenylene sulfide from a point of polyamide and the improvement in 
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heat-resistant is preferred. These thermoplastics is excellent also in kneading 
nature with magnet powder. 

[0104]Such thermoplastics has the advantage that selection wide range like what 
thought the moldability as important, for example, and the thing which thought heat 
resistance and a mechanical strength as important is attained by the kind, 
copolymerization-ization , etc . 

[0105]On the other hand as thermosetting resin, for example A bisphenol type, a 
novolac type, Various epoxy resins, such as a naphthalene system, phenol resin, a 
urea resin, melamine resin, polyester (unsaturated polyester) resin, polyimide 
resin, silicone resin, polyurethane resin, etc. are mentioned, and 1 of sorts of 
these and two sorts or more can be mixed and used. 

[0106]From the point of especially the moldability being excellent, and a mechanical 
strength being high and excelling in heat resistance also among these, an epoxy 
resin, phenol resin, polyimide resin, and silicone resin are preferred, and 
especially an epoxy resin is preferred. These thermosetting resin is excellent also 
in kneading nature with magnet powder, and the homogeneity of kneading. 
[0107]The thing of a solid [ thing / liquefied ] (powdered) may be sufficient as the 
thermosetting resin (unhardened) used at a room temperature. 

[0108]Al though isotropy or anisotropy may be sufficient as the bond magnet of this 
invention, it is preferred from the ease of carrying out of manufacture that it is 
isotropy. 

[0109]Such a bond magnet of this invention is manufactured as follows, for example. 
Magnet powder, bonding resin, and the constituent for bond magnets (compound) that 
contains additive agents (an antioxidant, lubricant, etc.) if needed are 
manufactured, It fabricates in desired magnet shape all over a magnetic field or a 
non-magnetic field using this constituent for bond magnets with forming processes, 
such as compression molding (press forming), extrusion molding, and injection 
molding, when bonding resin is thermosetting resin, it is hardened with heating etc. 
after shaping. 

[0110] Al though there is an advantage, like extrusion molding and injection molding 
(especially injection molding) have the large degree of shape option among said 
three sorts of forming processes, and productivity is high here, Since mobility in 
which the compound in a making machine is sufficient in these forming processes in 
order to obtain a good moldability must be secured, compared with compression 
molding, densification of increasing content of magnet powder, i.e., the bond 
magnet, cannot be carried out. However, in this invention, since high magnetic flux 
density is obtained, therefore the magnetic properties which were excellent even if 
it did not carry out densification of the bond magnet are acquired so that it may 
mention later, the advantage is enjoyable also to the bond magnet manufactured by 
extrusion molding and injection molding. 

[0111]The content (content) in particular of the magnet powder in a bond magnet is 
not limited, but is usually determined in consideration of coexistence with a 
forming process, and a moldability and high magnetic properties. It is specifically 
preferred that it is about 75-99. 5wt%, and it is more preferred that it is about 
85-98wt%. 

[0112] As for the content of magnet powder, in the case of that by which the bond 
magnet was especially manufactured with compression molding, it is preferred that it 
is about 90-99. 5wt%, and it is more preferred to it that it is about 93-98. 5wt%. 
[0113] As for the content of magnet powder, in the case of that by which the bond 
magnet was manufactured by extrusion molding or injection molding, it is preferred 
that it is about 75-98wt%, and it is more preferred to it that it is about 85-97wt%. 

[0114]The density rho of a bond magnet is determined by factors, such as specific 
gravity of the magnet powder contained in it, content of magnet powder, and a void 
content, in the bond magnet of this invention, although the density rho in 
particular is not limited, it is preferred that it is more than 5.0 g/cm3, and it is 
more preferred that it is a 5.5 - 6.6 g/cm3 grade. 

[0115]Since the magnetic flux density of magnet powder and coercive force are 
comparatively large, even when it fabricates to a bond magnet in this invention, and 
there is comparatively little content not to mention the case where there is much 
content of magnet powder, by it, outstanding magnetic properties (especially a high 
magnetic energy product, high coercive force) are acquired. 

[0116]As for the bond magnet of this invention, it is preferred that the coercive 
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force iHc is about 0.40-0.75 MA/m, and it is more preferred that they are about 
0.43-0.70 MA/m. Demagnetization when a reverse magnetic field requires coercive 
force depending on the use of a motor in said less than lower limit becomes 
remarkable, and hot heat resistance is inferior, if coercive force exceeds said 
upper limit, magnetization nature will fall. Therefore, it is a bond magnet 
(especially) by making coercive force iHc into a mentioned range. Even when carrying 
out multi-electrode magnetization etc. to a cylindrical magnet and sufficient 
magnetization magnetic field is not obtained, good magnetization is attained, 
sufficient magnetic flux density is obtained, and a highly efficient bond magnet, 
especially the bond magnet for motors can be provided. 

[0117]As for the bond magnet of this invention, it is preferred that magnetic energy 
product (BH) max is more than 60 kj/m3, it is more preferred that it is more than 85 
kj/m3, and it is still more preferred that it is 95 - 125 kj/m3. Magnetic energy 
product (BH) when it uses that max is less than 60 kj/m3 for motors, sufficient 
torque is not acquired depending on the kind and structure. 

[0118]The shape of the bond magnet of this invention, a size in particular, etc. are 
not limited, for example, about shape, For example, the thing of all shape, such as 
cylindrical shape, a prismatic form, cylindrical shape (ring shape), circular, 
plate-like, and curve tabular, is possible, and the thing of all sizes is possible 
also for the size from a large-sized thing to a micro thing. 
[0119] 

[Exampl e] (Exampl e 1) Alloy composition obtained the quenching thin band of 

Nd8 . 7FebalCo8 .4B5 . 8 (it is hereafter considered as "the presentation A") by a method 

which is described below. 

[0120]First, after having carried out weighing, having dissolved, casting each raw 
material of Nd, Fe, Co, and B in the high-frequency-induction fusion furnace in Ar 
gas and manufacturing a hardener ingot, about 15-g sample was started from this 
ingot. 

[0121]The quenching thin band manufacturing installation of composition of being 
shown in drawing 4 and drawing 5 was prepared, and said sample was put in in the 
quartz tube which provided the nozzle (circular-hole orifice: 10 mm in diameter) in 
the pars basilaris ossis occipitalis. After deaerating the inside of the chamber by 
which the quenching thin band manufacturing installation 1 is stored, inactive gas 
(Ar gas) was introduced and it was considered as a desired temperature and the 
atmosphere of the pressure. 

[0122]Then, carrying out high-frequency induction heating of the ingot sample in a 
quartz tube with the coil 4, dissolving, and adjusting suitably conditions, such as 
peripheral velocity of a cooling roller, injection pressure (differential pressure 
of the internal pressure of a quartz tube, and ambient pressure) of a molten metal, 
and a pressure of a controlled atmosphere, further. The molten metal was turned to 
the peripheral surface (the product made from a copper-beryllium alloy, 
hard-chromium-plating processing, surface roughness Ra = 0.5 micrometer) of a 
cooling roller, and was injected, and the quenching thin band was obtained. 
[0123]At this time, the injection pressure of the range of 15-35 m/second and a 
molten metal changed [ the peripheral velocity of the cooling roller ] the range of 
5 - 60kPa, and the pressure of the controlled atmosphere in the range of 100 - 
500Torr, and five sorts of samples Al - A5 (this invention) of the quenching thin 
band were obtained. 

[0124]The peripheral velocity of a cooling roller and the pressure of the controlled 
atmosphere were set up greatly, and the dimple obtained the sample A6 (comparative 
example) of the quenching thin band formed superfluously. 

[0125]The SEM photograph of the roll side of each samples A1-A6 of a quenching thin 
band was taken, image analysis of this photograph was conducted, and the area rate 
which a dimple and a huge dimple (area is a dimple more than 2000-mi crometer2) 
occupy was measured, respectively, average depth d of a dimple (a huge dimple is 
included) and a quenching thin band — average thickness — measuring t — those 
ratios — d/t was calculated. These results are shown in the following table 1. 
[0126] 
[Table 1] 



[0127]Next, after carrying out coarse grinding of each samples A1-A6 of a quenching 
thin band, heat treatment for [ 720 **x ] 5 minutes was performed in Ar gas 
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atmosphere, and the magnet powder of the presentation A was obtained. 
[0128]About the obtained magnet powder, in order to analyze the phase composition, 
the X diffraction was performed by 20 degrees - 60 degrees of angles of diffraction 
using Cu-Kalpha. The Nd2(Fe-Co) 14B1 phase which is a hard magnetic phase from a 
diffraction pattern, The diffraction peak of alpha-(Fe, Co) phase which is a soft 
magnetic phase could be checked, and forming the nano composite organization was 
checked by each about the sample Al - A5 from the audit observation by a 
transmission electron microscope (TEM) . 

[0129]Magnetic properties (the coercive force iHc and maximum magnetic energy 
product (BH) max) were measured with the vibrating sample magnetometer (VSM) about 
each obtained magnet powder. The result is shown following table 2. Demagnetizing 
field amendment was not performed in measurement. 
[0130] 
[Table 2] 



[0131]Next, for grain refining, the grinder (RAIKAI machine) was used further, and 
each magnet powder was ground in argon gas, and was used as magnet powder with a 
mean particle diameter of 20 micrometers. 

[0132]This magnet powder, an epoxy resin (bonding resin), and a small amount of 
hydrazine system antioxidants were mixed and kneaded, and the constituent for bond 
magnets (compound) was produced. At this time, the rate of a compounding ratio of 
magnet powder and an epoxy resin (weight ratio) was made into the value almost equal 
about each sample. 

[0133]Subsequently, this compound was ground and it presupposed that it is granular, 
and weighing of this granular material was carried out, it was filled up in the 
metallic mold of a press device, compression molding (inside of a non-magnetic 
field) was carried out by pressure 6 ton/cm2 , and the Plastic solid was acquired. 
[0134]The epoxy resin was stiffened with heating after mold release (cure 
processing), and the cylindrical isotropic bonded magnet (samples A1-A6) with a 10 
mm[ in diameter ] phix height of 8 mm was obtained. 

[0135]The magnet powder (hard-magnetic-phase independent Nd-Fe-B system magnet 
powder: mean particle diameter of 30 micrometers) by the MQP-B powder made from 
commercial MQI was prepared as a comparative example, and the bond magnet was 
manufactured by the same conditions as the above, and a method using this magnet 
powder. Let the bond magnet of this comparative example be the sample A7. 
[0136] Each content of the magnet powder in each bond magnet (samples A1-A7) was 
98.0wt%. The density of each bond magnet was 6.1 - 6.3 g/cm3. 

[0137]About these each bond magnet, after carrying out pulse magnetization (maximum 
impression magnetic field 40kOe) beforehand, magnetic properties (the coercive force 
iHc and maximum magnetic energy product (BH) max) were measured by maximum 
impression magnetic field 25kOe with the dc self-recording fluxmeter. The 
temperature at the time of measurement was 23 ** (room temperature). The result is 
shown in the following table 3. 

[0138]A mechanical strength and corrosion resistance were investigated about each 
bond magnet (samples A1-A7) . The result is shown in the following table 3. 
[0139]The mechanical strength of the bond magnet was measured by the shearing 
punching method for having used the punching shearing tester (autograph by Shimadzu 
Corp.). 

[0140]The corrosion resistance of a bond magnet does the homoiothermal constant 
humidity examination of 60 ** x 95%RHx 500 hours to each bond magnet, The existence 
of generating of the rust of the bond magnet surface was distinguished visually, and 
** seal and generating of rust considered the remarkable thing tor that in which O 
seal and generating of rust are conspicuous in a thing without generating of rust, 
and O seal and generating of rust are slightly conspicuous in a certain thing as x 
seal . 
[0141] 
[Table 3] 



[0142] By this invention of 
properties compared with a 
iHc and a maximum magnetic 



the sample Al - A5, each 
comparative example (the 
energy product is good), 
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strength of a bond magnet is high and it excels in corrosion resistance so that 
clearly from above-mentioned Table 1-3. 

[0143]On the other hand, in the comparative example of the sample A6, since the void 
content in a bond magnet is high and it is low-density, magnetic properties are 
inferior, a mechanical strength is low, and corrosion resistance is low. 
[0144]The sample A7 using the conventional magnet powder has low maximum magnetic 
energy product (BH) max compared with this invention. 

[0145] (Example 2) Alloy composition obtained the quenching thin band of 
Nd8.9FebalCo8B5.5aluminum0.2 (it is hereafter considered as "the presentation B") by 
a method which is described below. 

[0146]First, after having carried out weighing, having dissolved, casting each raw 
material of Nd, Fe, Co, B, and aluminum in the high-frequency-induction fusion 
furnace in Ar gas and manufacturing a hardener ingot, about 15-g sample was started 
from this ingot. 

[0147]The quenching thin band manufacturing installation of composition of being 
shown in drawing 4 and drawing 5 was prepared, and said sample was put in in the 
quartz tube which provided the nozzle (circular-hole orifice: 10 mm in diameter) in 
the pars basilaris ossis occipitalis. After deaerating the inside of the chamber by 
which the quenching thin band manufacturing installation 1 is stored, inactive gas 
(Ar gas) was introduced and it was considered as a desired temperature and the 
atmosphere of the pressure. 

[0148]Then, carrying out high-frequency induction heating of the ingot sample in a 
quartz tube with the coil 4, dissolving, and adjusting suitably conditions, such as 
peripheral velocity of a cooling roller, injection pressure (differential pressure 
of the internal pressure of a quartz tube, and ambient pressure) of a molten metal, 
and a pressure of a controlled atmosphere, further. The molten metal was turned to 
the peripheral surface (the product made from a copper-chromium alloy, 
hard-chromium-plating processing, surface roughness Ra = 0.7 micrometer) of a 
cooling roller, and was injected, and the quenching thin band was obtained. 
[0149]At this time, the injection pressure of the range of 15-30 m/second and a 
molten metal changed [ the peripheral velocity of the cooling roller ] the range of 
5 - 60kPa, and the pressure of the controlled atmosphere in the range of 100 - 
500Torr, and five sorts of samples Bl - B5 (this invention) of the quenching thin 
band were obtained. 

[0150]The peripheral velocity of a cooling roller and the pressure of the controlled 
atmosphere were set up greatly, and the dimple obtained sample B6 (comparative 
example) of the quenching thin band formed superfluously. 

[0151]Then, heat treatment for [ 700 **x ] 8 minutes was performed in Ar gas 
atmosphere to each sample Bl - B6 of a quenching thin band. 

[0152]The SEM photograph of each sample Bl of a quenching thin band - the roll side 
of B6 was taken, image analysis of this photograph was conducted, and the area rate 
which a dimple and a huge dimple (area is a dimple more than 2000-mi crometer2) 
occupy was measured, respectively, average depth d of a dimple (a huge dimple is 
included) and a quenching thin band — average thickness — measuring t — those 
ratios — d/t was calculated. These results are shown in the following table 4. 
[0153] 
[Table 4] 



[0154]Next, after carrying out coarse grinding of each sample Bl - B6 of a quenching 
thin band, heat treatment for [ 720 **x ] 5 minutes was performed in Ar gas 
atmosphere, and the magnet powder of the presentation B was obtained. 
[0155]About the obtained magnet powder, in order to analyze the phase composition, 
the X diffraction was performed by 20 degrees - 60 degrees of angles of diffraction 
using Cu-Kalpha. The Nd2(Fe-Co) 14B1 phase which is a hard magnetic phase from a 
diffraction pattern, The diffraction peak of alpha-(Fe, Co) phase which is a soft 
magnetic phase could be checked, and forming the nano composite organization was 
checked by each about the sample Bl - B5 from the audit observation by a 
transmission electron microscope (TEM) . 

[0156]Magnetic properties (the coercive force iHc and maximum magnetic energy 
product (BH) max) were measured with the vibrating sample magnetometer (VSM) about 
each obtained magnet powder. The result is shown following table 5. Demagnetizing 
field amendment was not performed in measurement. 
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[Table 5] 
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[0158]Next, for grain refining, the grinder (RAIKAI machine) was used further, and 
each magnet powder was ground in argon gas, and was used as magnet powder with a 
mean particle diameter of 25 micrometers. 

[0159]This magnet powder, an epoxy resin (bonding resin), and a small amount of 
hydrazine system antioxidants were mixed and kneaded, and the constituent for bond 
magnets (compound) was produced. At this time, the rate of a compounding ratio of 
magnet powder and an epoxy resin (weight ratio) was made into the value almost equal 
about each sample. 

[0160]Subsequently, this compound was ground and it presupposed that it is granular, 
and weighing of this granular material was carried out, it was filled up in the 
metallic mold of a press device, compression molding (inside of a non-magnetic 
field) was carried out by pressure 6 ton/cm2 , and the Plastic solid was acquired. 
[0161]The epoxy resin was stiffened with heating after mold release (cure 
processing), and the cylindrical isotropic bonded magnet (the sample Bl - B6) with a 
10 mm[ in diameter ] phix height of 8 mm was obtained. Each content of the magnet 
powder in each bond magnet was 97.8wt%. 

[0162]The density of each bond magnet was 6.1 - 6.2 g/cm3. 

[0163] About these each bond magnet (the sample Bl - B6) , on the same method as said 
Example 1, and conditions, magnetic properties (the coercive force iHc and magnetic 
energy product (BH) max) were measured, and a mechanical strength and corrosion 
resistance were investigated. These results are shown in the following table 6. 
[0164] 
[Table 6] 



[0165]By this invention of the sample Bl - B5, each has outstanding magnetic 
properties compared with a comparative example (the balance of the coercive force 
iHc and a maximum magnetic energy product is good), and moreover, the mechanical 
strength of a bond magnet is high and it excels in corrosion resistance so that 
clearly from above-mentioned Table 4-6. Compared with the sample Al which does not 
contain aluminum - A5 , the coercive force iHc of the sample Bl - B5 is improving. 
[0166]On the other hand, in the comparative example of sample B6, since the void 
content in a bond magnet is high and it is low-density, magnetic properties are 
inferior, a mechanical strength is low, and corrosion resistance is low. 
[0167] (Exampl e 3) By the same method as Example 2, the quenching thin band of the 
alloy composition shown in the following table 7 was manufactured, and 11 sorts of 
samples Cl-Cll of the quenching thin band were obtained. Then, heat treatment for [ 
700 **x ] 8 minutes was performed in Ar gas atmosphere to each samples Cl-Cll of a 
quenching thin band. 

[0168]when manufacturing each quenching thin band, the pressure of 40kPa and a 
controlled atmosphere was set [ the peripheral velocity of the cooling roller ] to 
250Torr for the injection pressure of 20 m/[ a second and ] and a molten metal. 
[0169] 
[Table 7] 



[0170]The SEM photograph of the roll side of each samples Cl-Cll of a quenching thin 
band was taken, image analysis of this photograph was conducted, and the area rate 
which a dimple and a huge dimple (area is a dimple more than 2000-mi crometer2) 
occupy was measured, respectively, average depth d of a dimple (a huge dimple is 
included) and a quenching thin band — average thickness — measuring t — those 
ratios — d/t was calculated. These results are shown in the following table 8. 
[0171] 
[Table 8] 



[0172]Next, after carrying out coarse grinding of each samples Cl-Cll of a quenching 
thin band, heat treatment for [ 720 **x ] 5 minutes was performed in Ar gas 
atmosphere, and the magnet powder of the alloy composition shown in the 
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above-mentioned table 7 was obtained, respectively. 

[0173]About the obtained magnet powder, in order to analyze the phase composition, 
the X diffraction was performed by 20 degrees - 60 degrees of angles of diffraction 
using Cu-Kalpha. The Nd2(Fe-Co) 14B1 phase which is a hard magnetic phase from a 
diffraction pattern, The diffraction peak of alpha-(Fe, Co) phase which is a soft 
magnetic phase could be checked, and forming the nano composite organization was 
checked by each about the samples Cl-Cll from the audit observation by a 
transmission electron microscope (TEM) . 

[0174]Magnetic properties (the coercive force iHc and maximum magnetic energy 
product (BH) max) were measured with the vibrating sample magnetometer (VSM) about 
each obtained magnet powder. The result is shown in the following table 9. 
Demagnetizing field amendment was not performed in measurement. 
[0175] 
[Table 9] 



[0176]Next, for grain refining, the grinder (RAIKAI machine) was used further, and 
each magnet powder was ground in argon gas, and was used as magnet powder with a 
mean particle diameter of 25 micrometers. 

[0177]This magnet powder, an epoxy resin (bonding resin), and a small amount of 
hydrazine system antioxidants were mixed and kneaded, and the constituent for bond 
magnets (compound) was produced. At this time, the rate of a compounding ratio of 
magnet powder and an epoxy resin (weight ratio) was made into the value almost equal 
about each sample. 

[0178]Subsequently, this compound was ground and it presupposed that it is granular, 
and weighing of this granular material was carried out, it was filled up in the 
metallic mold of a press device, compression molding (inside of a non-magnetic 
field) was carried out by pressure 6 ton/cm2 , and the Plastic solid was acquired. 
[0179]The epoxy resin was stiffened with heating after mold release (cure 
processing), and the cylindrical isotropic bonded magnet (samples Cl-Cll) with a 10 
mm[ in diameter ] phix height of 8 mm was obtained. Each content of the magnet 
powder in each bond magnet was 97.7wt%. 

[0180]The density of six sorts of obtained bond magnets was 6.0 - 6.2 g/cm3. 
[0181]About these each bond magnet (samples Cl-Cll), on the same method as said 
Example 1, and conditions, magnetic properties (the coercive force iHc and maximum 
magnetic energy product (BH) max) were measured, and a mechanical strength and 
corrosion resistance were investigated. These results are shown in the following 
table 10. 
[0182] 
[Table 10] 



[0183]By this invention of Cl, C2 , C7 - Cll, each has outstanding magnetic 
properties compared with a comparative example, and moreover, the mechanical 
strength of a bond magnet is high and it excels in corrosion resistance so that 
clearly from above-mentioned Table 8 - 10. 

[0184]ln particular, in this invention of the samples C7-C11, since magnet powder 
contains a proper quantity of Pr and/or D(ies), the further improvement in the 
coercive force iHc is found. 

[0185]On the other hand, in the comparative example of the samples C3-C6, magnetic 
properties are all inferior compared with this invention. 

[0186] (Example 4) Except having manufactured the bond magnet by extrusion molding, 
when the bond magnet of this invention was manufactured Tike the above-mentioned 
Examples 1-3 and the quality assessment was performed, the same result as the above 
was obtained. 

[0187] (Example 5) Except having manufactured the bond magnet by injection molding, 
when the bond magnet of this invention was manufactured Tike the above-mentioned 
Examples 1-3 and the quality assessment was performed, the same result as the above 
was obtained. 
[0188] 

[Effect of the lnvention]According to this invention, the following effects are 
acquired as stated above. 

[0189]- Even if it is isotropy not to mention anisotropy, a bond magnet with high 
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magnetic properties can be provided. Since the magnetic performance more than 
equivalent can be especially demonstrated with the bond magnet of smaller volume 
compared with the conventional bond magnet, it becomes possible to obtain a smaller 
and highly efficient motor. 

[0190]- A mechanical strength is high, the bond magnet excellent in corrosion 

resistance is obtained, and a reliable bond magnet can be provided. 

[0191]- Excel in magnetization nature and good magnetization is possible also in a 

comparatively low magnetization magnetic field. Therefore, it is suitable when 

giving mul ti -el ectrode magnetization to a cylindrical magnet etc. 

[0192]- Since quantity magnetic properties are acquired, when manufacturing a bond 

magnet, even if it does not pursue densification, can acquire the magnetic 

properties which can fully be satisfied, and with as a result, the improvement in a 

moldability. improvement in dimensional accuracy, a mechanical strength, corrosion 

resistance, heat resistance, etc. can be aimed at, and it becomes possible to 

manufacture a reliable bond magnet easily. 

[0193]- Since densification is not required, it is suitable also for manufacture of 
the bond magnet by the extrusion method and injection molding process which 
high-density shaping cannot carry out easily compared with compression forming, and 
an effect which was mentioned above is acquired again also with the bond magnet 
fabricated by such a forming process. Therefore, the width of selection of the 
forming process of a bond magnet and the degree of shape option according to it 
further spread. 



[Translation done.] 
* NOTICES * 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawi 
[Drawing l]lt is a figure showi 
organization (macrostructure) i 
this invention. 

[Drawing 2]lt is a figure showi 
organ i zation (macrostructure) i 
this invention. 

[Drawing 3]lt is a figure showi 
organization (macrostructure) i 
this invention. 

[Drawing 4]lt is a perspective 
(quenching thin band manufactur 
magnet material of this inventi 
[Drawing 5]lt is a section side 
the cooling roller of the molte 
[Description of Notations] 

1 Quenching thin band manufactu 

2 Barrel 

3 Nozzle 

4 Coil 

5 Cooling roller 

51 Base 

52 Surface layer 

53 Peripheral surface 

6 Molten metal 

7 Paddle 



ngs] 

ng typically an example of a nano composite 

n the thin strip magnet material and magnet powder of 

ng typically an example of a nano composite 

n the thin strip magnet material and magnet powder of 

ng typically an example of a nano composite 

n the thin strip magnet material and magnet powder of 

view showing the example of composition of the device 

ing installation) which manufactures the thin strip 
on . 

view showing the state near the collision part to 
n metal in the device shown in drawing 4. 

ring installation 
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71 Solidification interface 
8 Quenching thin band 

81 Roll side 

82 Free side 
85 Dimple 

9a Arrow 
9b Arrow 

10 Soft magnetic phase 

11 Hard magnetic phase 
100 viscous flow 
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t. o*Hi<) ) x*mzti&-&&ms&comm$:JX))/fr 

^SttHL. IrJlBy XVI- LT HIS LT £ ^Sln-;k 

-5. mmissiv-ji'kcofflmizte^x , mmm^znm 
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[0013] (5) R 2 ( F ei _ y C o y ) 100 _ x _ z _ w B 

x A 1 „ ( fcfcf U RJi^Sr <ti»l «^>#±Mtu«. 

x : 8. 1—9. 4Sf%, y : 0-0 . 3 0. z : 
4. 6-6. 81M^%. w: 0. 8JS^%lilT (fc*f 

U o£HK) ) T^£fx&^&ffi£^^£yX/i^ 

SnfcWBb& t 2 0 0 0xjm 2 llhcDf^ y:?VW5dW>5 

Wo 

[0014] (6) R, (Fe 1 . y Co y ) 100 .,. J . B B 
, A 1 „ ( fzti L . R(i3«Sr < *» 1 «^#±M7U?g. 

x : 8. 1 — 9. 4JS^%. y : 0-0 . 3 0. z : 
4. 6-6. 8If%, w: 0. 8JS^%iilT (fcflf 

t . o z m o ) -en $ fx & ^M^mm z y xjv& 

6 m ft L . AWE y XMzM L X EP& L T ^ £ J^gln —)V 

0 2-0. 5T*«;t*1^fc^ftlf«!RS&VB*m. 
[0015] ( 7 ) mTfBffiJMtti. V 7 hE&ttffl t 

; \- Histtffl t tmmm lx »r s t/n > y h 
«wtr*4JjE < i > *v*l ( 6 ) n^itiMzmmco 

[0016] (8) HHERI4. Ndfe±tf/4fcttP 
rt^fc-r*«iJB7aRt*ft4JJE ( 1 ) 3r^L ( 7 ) 

[0017] ( 9 ) ffllBRIi. P r *<Z>«£ 
3& f MiaR^ftfcStL5~ 7 5%T*S±IB ( 1 ) Sr^L 

(8) <^i^i*^tiE«<^f^fK5*m. 

[0 0 18] (10) HufERii. Dym. 
^a*tHER£ttfc*tLl 0%ETFtr»S±JE ( 1 ) SrV* 
L ( 9 ) «V^3^IB^»Sftt«ffi*m. 
[0019] (11) 8ufE^Sln-/Mi. ^oltlHC 

mGmwj: *)<&i*mmmzirr&±Mi ( 1 ) 
do) <^vm^s^f*pR«5*m. 

[0 0 2 0] (12) ±|B ( 1 ) Sr^L ( 1 1 ) tf>V* 

[00 2 1 ] (13) H5»*{i, ^-«ti^IT\ 
&±IB (12) tiBII^MBPffB*. 



[0022] (14) WBfi**0 . 5— 1 5 0 jum 

TfciJJE ( l 2 ) ifcli ( l 3 ) izfmcomsmm. 
[0 0 2 3] (15) ±fB ( 1 2) ( 14) CD 

t zqmb-tmzmxy hbfb. 

[0 0 24] (16) ffiaraEtt5&0*«#7 5- 
9 9 . 5wt%T**±IS (15) (;fE«<0#±IStf> 

[0 02 5] (17) fitflyji Hc#0. 4 — 0. 7 
5MA/mf*4±IB ( 1 5 ) ifcli ( 1 6 ) (CtEfiO 

[0026] (18) BEStX^l^f— « ( B H ) ma 
x#6 0 k J/m s &,_kX*fo&±.B (15)5:^1(1 
7) O^-rtL^HCIEtftO^^^h'JiSo 

[0 02 7] (19) ^Wt«fc:ttS#l4, Sfcli^ 
mmMZtitzllE ( 1 5 ) 2r^L ( 1 8 ) <7)\vttdHi 

[0 0 28] (20) ^-^fcffl^fxSifE ( 1 
5)4V>L(19) cDVvf;fi£HcfEf^#±Mtf>FEi 

[0029] 

«F6t9*$3 itf £fx£ffll^_#±gWf>- FSSPB^afcW 

[0030] [-&A«JR] i 
TIBOffi 1 0^#fflfi!c4 fzlim 2 O-^A: 

[003 1 ] -mi O^ffljjJc 

R x ( F ei _ y Co y ) 100 _ X _ Z B Z (^7tft. Rf£^&< 
i: t> iao#zHS7C*, x:8. 1 — 9. 4If%, 
y : 0 — 0. 30. z : 4. 6 — 6. 8®-?%) 

R x ( F ei - y Co y ) ioo-x-z- w B z A 1 „ (^fit. Ri± 
'J?%< t h lfflO#±^7Cfg. x:8. 1-9. 
%. y : 0—0. 30. z : 4. 6 — 6. 8M^%. 
w: 0. 8JE^%mT (fzfzL. OSHftO ) 
R (#±»7C*) fcLTii:. Y. La. Ce. Pr. N 
d. Pm. Sm. Eu. Gd. Tb. Dy. Ho. E 
r. Tm. Yb. Lu. S «y i^A^^k^ff 6ft. £ 
fx 6 £ 1 S 4 2 8«±*tf £ fc jfii^TS S o 

[0 03 2] R^tl(M*)tl 8. 1 — 9.4 
M=F% t § fLS . R*i 8 . 1 jR? . +^=5rf* 
^7J^#6fi^. Wfc, »2<^iVAiHiSfc*iv^li, a 

\ iWMLX humi^^^VK — ^T. R^9. 

[0 03 3] ZZX\ R«. Nd^WitHPrJ 
£fl6(7)#±PJE*i±. i-yay^J-y hffl.m%ffif&t 
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[0 0 34] itz, R(±. PrSr#^ s fWffl^R^ 
ftfcttL5 — 7 5%T&S<WfF£L<. 2 0 — 6 0% 

- H^-rttsit&ftStt* i*i±s-e-4 i 1 j&*ts Sfc 

ftT*£. 

[0 0 3 5] Sit, R|± s Dym, ^WM^'R^ 
mzM L 1 0 XVXYXfo S W***Fi L v * . Z co$EMTfo 

[0036] Coli, Fei: m&t<?>%r&$:?rt&m± 
JRT&&. -IOC oSr^jD-T-Sii; (FeO-gptrSt 

ifimi.'t&ifi, Fe(;^Co(?)iiMi ! 0. 3 0 

Fefc>ftf--S.Co<oaMJt^ i '0. 0 5 — 0. 2 0 

[0037] B (l'ny)ii, S^Wf#tt£f#-S>tDt 
fig&7cfltT£> 9 , 4. 6—6. 8J^ 

964:5*14. B&4. 6%^mX-fo&t. B-U/U-y° 

— 3&\ B£*6. 8%£®x. 

[0038] Aiii fiaat^i*Lhfck ^T^f'j&acirt' 

Wfc, 0. 0 2-0. 8S^%«IeHT'\ «Sft±0 

[0039] t\<r> i a jc» *3Kirct4, a i iauiafc 
fo<o. o. am=F%*m*.&m.&ffiRt&z.tii* ts-t 

[0 0 4 0] tfz, «5fl^£l*r±3-tt'£fctf>fc. 

Si, Ti, V, Ta, Zr, Nb % Mo. Hf, A 
g s Zn, P, G e f «fto7C«J Mtl. -I i: t 

[0041] n-yay^Jvhmmi *mxvmffivt 
m&tma ^z.mmwLxn^tt^ m&mmz , > ^ 
- Ywm tv7 hm/sm t ^whrnrnx-mmmtx^ 

&t&®m («Ct73y*y'7 hffitt) £«i£LT^ 

[0042] tyn y^^'v haasii, v ? Mittffl i 



ffic7)jj§^af^'a-y^-^-L-^;i- (Mtif 1 — 1 o 

0nm)t#4U^I). -f-LT. V7Mttffll0t 

» ^fcs 01— H3t*f^V- VJ±, —WIT 
£>-?T. ;tL^fcRB^tL£ic0T(4^<. «iHTH2fc: 

ffil 1 fc#3!fc::5r-3-OV&t>«9T& <fcV\ 

[0043] y y hMimomim. trnmfte&miz 
j; K>m^z^com^t^,<7)x\ 'N-i««ttiatzs£ 
k s *^*o»fl:aiitRli b - Hgo$z«S« 

-f X#it 1 0 n mlilT fc -HMnS l . V7 1I 

mfrowkwm&p)^- ^m^mcomittcom^z j; ^ 
a ian^s. 

[0044] ;oi3^ty3^y7l«^I 
±C JaT(C*W««ai ) -6) ttLX^ 

[0045] i ) b - hio^z», «-fb& r »rawi 

U y ^ * -/ 9-t h ( Z. <73XWC r XT U >-^K 
t l>m0 ) . 

[0046] 2) 'JrM ;^^^s< , -Rm&tmZ 
M £ X L -e Of£0}»^vh § v % . 
[0047] 3 ) «Btt*t£< . «3K»teV^a»T«8 

TS £ . 

[ 0 0 4 8 ] 4 ) ^^ffiO^SfSfftt*^^- h'jlttffi 
( «i(f . t*OMQ I ffiRcOM QP-B» 

[0049] 5 ) m$a^miffigeft&4^\\ 
[00 50] 6 ) M&&LXhm*®ffii&5fcL%:\t\ 

[0051] mmLtz^&mmz&^x . ^-vM&fc 

[0 0 5 2] ^-H«ttffl: R 2 TM H BI (fcjtfL. 
TMIiFeiltliFetCo) » ifc{4R 2 TM 14 B A 
1* 

y7Mttffl: TM (#t:«-Fe, «- (Fe, C 
o ) ) . tfziiTMt A 1 bco^ik 

mitthz.b^zi.^mm.^ixtzh^x'hh. pat. 

[ 0 0 5 3 ] 04 (4. Jp.n-;P^ffl^^m^ffit =t Dif 

)^M^^-r#nf0, 0 5«, 04 fc^^imttj(t&* 

[ o o 5 4 ] 04 terrr* a t:. s^^^a 1 
it, m.^tfm*w.mLmmfo2 b , wmw2^znLm 
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[00 55] fl9#2tf>«jic*mfc LT(4. «*.fcFE3S 
ff 6*1.4. 

[00 56] SX}U3cr>mum%k LTf4. Mxfi\ P3 
[0 0 5 7] ifc, flfflc2<0yX;l'3ififiF<^ffflfcli, 

SDiftfflto ^ >f ^4 *«ffias ft, ; « =1 a >va izmt t,m 

fflS£90irr4£fcfc:«fc9, «#2i^&Snff{i (Rami 
[0 0 58] Srti, jD»#g«. ,TOj:dSrrM/t^4£ 

[00 59] &iHn-/^5{4, 1 k . 

5 OJHH 5 3 SrffM-t S^Wif 5 2 k XM^tiX I * 

[0060] *§|55 l<?5fl!ScS3PHi» ^HM52i:|Slt 
W*TC- ttffifiSS ftT € J: < , tfz. iSMB 5 2 k 
(iS=3r 4 tfTH)t § tlX t vc «, J: I \ 

[ o o 6 1 ] *gp5 1 wm&wmi* mzm^ti^ 
[0062] afflM 52ii m^m^xsn 5 1 

[00 63] HBH 5 2 O^ttWfcWBi: LTi4. fflx. 

77r^fh, SC, WC)f(0#l-fe7 5'y^X{^ 
HffiSf) j|Wf £>fl£„ iJfc. ^S|3n-7P5 0J1H5 

*B-b 5 5 y ? X ( ft&mtm > fc J: 4 8HM *#Jfi L 

Tfc< <r k t»T* 4 . £#u= «fc o . SRfiaatfcMKWS 
ir, M&m&8<nu—tlffi8 lty U-H8 2 

[0 0 64] SH5 3«M§li, ?§i§6Wri>i» 

tm t vmrt . jf h 5 3 <o ^ttf%s^ r a < 

ffi: jum) ti s #6*l*&*frap»8<9¥%ff$t£>l/ 

3 lilT k *>#*f i L< , 1/5 JJTF £ (Offii. *) 
6 4 f»3ra»ttt3W(t«3 ti4 

4, 

[00 6 5] z.<n i 3 ^HfflS 



[0066] ;c0i3 ^m^^MsS^a 1 J±, > 

««T«t"4« mwlW8<0lMttl»jh-t*fc 

[0067] Wflc2rt«jB»6<oaEfflfci±, f^^'- 
14, i^M#=2rtc0^6OMH^ffl-r4E77k^^ 

[0068] sjfflvesa 1 t{4 . 2 wfcUKs 
Hst^-idfc, ^6J4. <§mv-}V5<7)mm 

5 3(«l, ^°h'/l- (ilSO) 7^ffMLtft- BM£ 

j& s T, fOn-;H (MH5 3kffifljrr-i»H) 8 1A*ffl 
H5 3^6ffi*L. H4>f^W9Bj6rrtrfcafM i f1 _ ft. 

[0069] jftain-^s^fflaLKii, s^mmcom 

j«, J1H5 3tfDJS»6tWSj»fH^fc:J: D^OStS 
^riEH^S^S^. «ESt»ttl*I±f5fc«>te, 1~ 

6 0 m/fi?X-hh<7)i>m± l < . 5—4 0 m/^trfti 

k. ^»^8o#^m* (mffiieiaifcotttmsn 

[0070] ^rii. #6*L^^^8tcMLTi4, M 
LTi4. ffltlf. 4 0 0 — 9 0 0°CX\ 0. 5 — 30 0 

[0071] ttz, commit. mi£&m±-r&ti#> 

fc, JtSifcfijUEBRJUTF (Mxif 1 x l o-i-l x l 
0 6 Torr ) , S>4V>{4MS^X, T)V^yj}X^ 

[0072] JiLhtoj; 3 1 LT#i»*utft?MHf (9W 
T^;P7 r x««tfifc:-ft-a*i« =fc 3 ^rffllSk «9 , Six 
[0073] ^ri3, JM±*Ci4, ll^k LT . ip.o-;l- 
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[0074] [iMf»D- )vm<r>f A VTMZ-OW 
X ] ±i£L*: J; 5 ^H*Srr«&S*ufc£tfc¥fff 8 fcts 
ut, 8 to n -;HS 8 1 Sr j£d^«?mttflt 

(SEM)^c if -CWJM-* t , FJf « tf 4 yrWRtc^ 
■rx/e^sgp^- (*flwtcit rf^y^j 

[0 0 7 5] Zcrtko^T A >T}V8 5-tP£.tZ>mm 
HS-frSRKC, JHffi5 3 fctf>HlfcS8BS«r.X 
-So i<Oi-3:5r#HSWf^<0*&ii»tt, ±k LT^ffl 
tfxc^ttm 0 0l;r J: 9£t£kOk £ (El 

[0 0 7 6] 5£>C % m#jfflf8£WE»fU ^O^IIfH 

* s e Mizx-oxmrn-th t . m-g^fttv^atzmt 

110 nm^-— Tfo&COiZttL. 7M >y°)V8 5\,Z 

->t«4 i um*-y-cnm^%:m£mnitttmmzti 

[0 0 7 7] ffi*Lfc«fc'3fc. -f> >T/P8 5i4, JDffl 

5 3k'*vfr7k <7)mizmmmtfx&mA-t& zkizx 

izi. 0 , n-;l-H8 1 fcMffl 5 3 OSfclS^Wf 
5#*§W5i:\ **UdMf:*&. ^aScoffi^-ft 

[0 0 78] |«8©n-«8 1 ^SEMCio 

Tffi* tfc^** 1 . i o-r -f yy°)V 8 5 own ( f a 

8 5 £ j&U L it f: S I21T. -r 4 V7°)Vcm 

mkmokzu. mmt-tz. ) ^m^-zhs 1 

I* 1 0 fMDKOlSspT" SEMCj; ->XW& Lfz 1 0 tfclil 

mcomk l^o 



[0 07 9] ;»±3fcUft<!)Wf'( >T;tx8 50 

Mftt £ If & ft. £ -S^fflj&fc «fc (t/3^y'7 

4. Sot, *?ffiftTi4, n-;«8 1t^UT, -r* 
y7;l/8 5 (TfBco&Jcr^ ^T/Pk-S-ir) co&nb&W 
Wm*25%\XTk~th, 

[0 080] r-f >-T;k8 5cO^I)HW*(4, 

fi^JlffHv^ COH«^"3%*iS^«^rt{4, S 

mm 8 ojsm 5 3 k cosmmtft < & o . mh 5 3 
§H«*(d. 3-2 s^iefc-^-ft^iOffa t<. 

3—2 0%M&k~t&cr>tf$hl,Zlg-&L^\ 

[0081 ] ttz, a-;i/ffl8 l izfefcthfj yy)V 

8 5 O — ?-0«lSCflfS t , ffi^^' 2000/x 

[0082] g^-f' ^ yy°)Vtf% < n-th k . ft&m 
w 8 a««?5as«*tt* l fiT'*-& ^ftrr* < . #y kshpb 

[0083] t 4 yrivQ 5cr>mz h , M^mm 
8<mmmmz±^<mm^Ru^-^k^^Ltz. * 

WMXl±, f-(>7 I ;l'8 5 (E*-r4 ^7"^*>*tr) <0 
* d k Mi%m^8cowm^ Ztktfzk 
Z\tlt?<?>\kd/t-ifi0 . 0 2 — 0. ST'ft^ii;^' 
ff4L<, 0. 0 5-0. 4Tftftii:A*J:0»*L 

[0084] 7*4 >-T;W8 5<7)^$(4, Mi.(iV— !f— 

tm^-ts c t ^ . mr^-r^^mcommm^z 

L , 2 0 ULhtfDMtft Ltf> yT)V 8 5 Col . 
k L . ^^m&i k otf%I $ d 1 1 tz . t , 



!( 8) 000-286114 (P2000-286114A) 



^oifgw b'X' 1 0 jOJSLkSm Lfz 

f^Wf ) ts J; ft 3 THrt" 4 i k J: 9 ft L fc . 
[0 0 85] d/t#0. 5£j@,i£fc. S&ffffott 

[0 0 86] d/tj&*0. 0 2*jSTC*4fc, lu 

4 D ( JR* ) #ffi-p$-£ i k *«* § . 
[0087] EJLLoJ: a irr * >y°Mzm~t&0kft<w 

[ 0 0 8 8 ] mjj* L fc i 3 K . 7* -f VT)V8 5 tmULZ 
fi&^Mmii, JHH5 3 k n-/«8 1 kop s T\.o# 

±k tT^iHn-;tx5c7)[lIKt;#oT^^ 
&mm 5 3 jfi#o#HM#^o?ittsS lOOtiOtt 
& to k#.i 

[0089] i^tt'ffil 100 ^WJ-T-S 1 -30SHk 

Tff k . SIM±0«« «0M»sW* t . IgBo n x 
[0090] 7*4 >T)V8 5 comdL&wiffl-t&flKQwm 

[00 9 1 ] BU.tf, 10-135801-9, » 

IflT 10-822629, iftfIT 10-242353 

9, tfirp 10-217761 ^wMmzms&iitz 

[0092] \Msmft&m&~\ HUiCO i 5 £ LT«3S 

[0093] »»<o*t£i±, mzm&ztvt, mnm 



ffiT (M^ifl X 1 0" 1 — 1 X 1 0" 6 Torr ) , £>&V» 

x*cd£ o ^IMfceaWfCtf a £ k t>T£ 4. 
[0094] SBPBWsfeiOT^tafiJi. tf(=R5£§*i$:^ 
# , fi:arr 4 *±JB# y SBtt 4 t too 

COm±b^^mLX, 0. 5-15 0^mig^fJL 
<, 0. 5-80/im^'j;OfiL<, l-50w 

[009 5] ±fc, #±«#y >*affi<Dj^li#<0J: 0^ 

ffiMftttK* «fc 0 ft^4 i b j6^& , $ 6 fc 

[0096]^, »4>iutBSE»5ftfcStt"Ctt. Mi 

fgcofW^BWk LX. m#m*tfctZbhX'%%>, i 
O^SO^frktTii, Wi.tr. 3 5 0-8 5 0°C 
T\ 0. 5~3 0 0^gJKk-ri»ik^"C#l. o 
[0097] iOi^aii. !MK*IW±-r4fe«> 

(c, *s4^«}Sj±miT («itr i x i o-!~i x i 

0" 6 Torr ) , $>&X^±mM*fX , TJl-zfytfX^ 
[0098] tLhcOi; a^SS5^*^fflV^T#±^> 

io^vFiiwi. mmmm&ft<. M%m.\t (mm 

tt) . H*tt*«W'iJfcfc«9fc5r4. ftot, 

KBffitt. fIfItto,Sv^ok^4. 
[0099] HBffiti J:^<^rea] 
»Ma(*"yM5 (£lT*fc: r^Kaffij bhW 

[oioo] ^mw^tfy h«pbi±. Maioa5»*& 

[0101] tS^tttJS (^>f y^-) k LT(i. ift^ 

[0102] fi^TSttfMgk LTti. Witt, sK'JTS 
F (W : Hn>6, t-iny4 6, t-fny66, 7" 
Wn>610. Wny612, Nnyl 1, 
yi 2, -Mny6- 1 2. Nny6-66) , ^ 

-f F\ iK'jifi/y, dfurntv-^ xfL/y-m 



!( 9 ) 000-286114 (P2000-286114A) 



y „ *r U * h , *K U ;>< f-/k* ^ ? U h , tf? 

hfi?)^yxxf/K *"yx-f;i/, 4?»jx— - f/ix— 

— Tn-f^##tf /o*U iixfe«a*><0 1ffl^^{i2ffl 
[0103] i^O? *>T&, J©#tfe&*|*fc:«VtiS 

[0104] ;coi3^ii^rffiffisag(i. ^a?s. & 
wurttmzzK). mnifmmzmmLtii*^, mm 

[0105] — mmimmmt ltj4. man, f 
x^ yfiH, ^ x /~)vmm. x y r«ai, 

[0106] ititw^rt, ^'i4^"#taixTiD 

x^HBIi, 7^y-;HStH, sKlMSKttK, 5"U 

[0 107]^, ffiffl£^&»©lfcMl (jfcWfc) 

[0 108] £tz, *»jf;yps5(t ^'ltTi> 
£*ff*U\ 

[0109] zcd£ ott%ffle>#>vm&i±. Mi.tr 
£WcjEtaairt!i (iwfcHriyn. iffljfffiso ^ 

[oi io] mfiB3fflo^^5£coo*>, #ft 

jm&zvisiftjm («*:, »ajjs») (4. 



**"C#*V^ U^LS:* 1 ^ *f£BflT14. syrrsia 

* * § <r t a*-c § s . 

[0111] #V HWB'f«affitt5(ao**JI (-et* 
{4. 7 5 — 9 9. Swt^jgST&ScTJ^Jfi L<. 8 5 

[01121m:, tfyvw&tfiEK&iawzx <omm$ 
*utfcco<?5*s-fc:ti, aPBI&5te?>*^rJl«. 9 0-9 

9. 5wt%gST" £ f f )-S.O^f4L<. 9 3 — 9 8. 5wt 
%SJST"ft S (7)^4: 0lf4U>. 
[0 113] i^, #yHaFE**J¥ffitf9»4«:(4#tfijat 

{4. 7 5-9 8 wt%&KT* S^'ML<, 85-9 
7wt%ffiK-C'feS^?& i 4 0t?4 tv\ 
[0 114]#> H«ffitf5»iep i4. -e*Uc-££*L&«l 

^m^yvmpEiza^x . ^comm 

p{4#tRS^ix^rv^\ 5. 0g/cm8£LhTft4 
«0**jff4L<, 5. 5 — 6. 6 g/cmSgJST-^^CO 
Off* 

[0115] *«HHtrtt, a^3f«coBDeffic, fiysyj 

[0116] *8tm<?>tf> FKIi, ffiffi* iHctf 
0. 4 0-0. 7 5MA/miSt'*l.^f4L<, 
0. 4 3 — 0. 7 0 M A/mglt* I. «^ J: 1 ff i L 
^. ffilK7i^ - mrlSTPIffl*itT-i4. t-^Offlltio 

xii&mmwtNp'ytc t # (iojsajowFt* o , 
zmtz> t . mmsifiwrti . a^t, -kjitj i h c 

[0117] *?&0flcOtf>K£g5i4. «8Stt*;Mr-« 
(BH) max^'6 0k J/m 3 JiLhT-S>S^^'ff*L 
<, 8 5k J/m3J2LtT*£<a#J9#*L<, 9 5 
-1 2 5 k J/m3 tl>S^ s § ^fcffS lax 
^.;t^^r— S[ (BH) max^60kJ /m 3 *jgT*^ 
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